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SPECIFICATION 

L-Methionine-Producing Microorganisms 

This invention relates to L-methionine-producing microorganisms constructed by a gene 
recombination technique. 

5 Most wild microorganism strains do not produce L-methionine. In order to render a wild strain 5 

capable of producing L-methionine from carbohydrates, it is necessary to induce artificial mutants from 
the wild strain. There are many known methionine-producing artifical mutants. Typical known 
methionine-producing mutants are an ethionine-resistant mutant of Escherichia coii [J. Bacterid., 75, 
326 (1 958)]; an ethio nine-resist ant mutant of Candida utiiis \?o\\a microbiol., 9, 374(1964)]; 
1 0 ethionine-resistant, or-methylmethionine-resistant and norleu cine-resistant mutants of Salmonella ■ 1 0 
typherium [Genetics, 55, 473 (1968)]; a norcleucine-resistant mutant of Escherichia coh [Compt. Rend., 
248, 3490 (1 959)]; and a-m ethyl methio nine-resistant mutant of Corynebacterium glutamicum [U.S. 
Patent No. 3,729,381]; and an ethionine-resistant mutant of Brevibacterium flavum [Publication for 
.Opposition of Japanese Patent Application No. 6753/1 976]. 
1 5 The most efficient methionine-producer, as far as we know, is Corynebacterium glutamicum 1 5 

ATCC 2 1 608 which produces 3.4 mg/ml of L-methionine from 1 0 g/dl of glucose. It has, however, 
become difficult to increase the yields of L-methionine using artificial mutation techniques. 

According to the present invention, there is provided an L-methionine-producing microorganism 
obtained by incorporating, into a recipient strain of the genus Escherichia, a hybrid plasmid having had 
20 inserted therein a DNA fragment possessing genetic information relating to L-methionine production, 2 0 
which fragment is derived from a donor strain of the genus Escherichia resistant to ethionine. 

The present invention also provides a process for producing L-methionine, which comprises 
culturing an L-methionine-producing microorganism of the invention. 

The DNA-donor strain used to construct the L-methionine producer of this invention is a mutant 
25 of the genus Escherichia resistant to ethionine and possessing the genetic information relating to L- 25 
methionine production. Strains having a higher productivity of L-methionine are preferably used as the 
DNA-donor. The mutant resistant to ethionine used as the DNA-donor can be obtained by conventional 
mutation techniques. 

Chromosomal DNA is extracted from the DNA donor in a known manner and treated with a - 
30 restriction endonuclease by a known method [see, for example, Biochem. Biqphys. Acta 383, 457 30 
(1 975)]. The plasmid of phage DNA used as the vector in the synthesis procedure is also treated with a 
restriction endonuclease in an analogous manner. Various restriction endonucleases can be used, if the 
digestion of the chromosomal DNA is effected partially. Thereafter, the digested chromosomal DNA 
and the vector DNA are subjected to a ligation reaction. Recombination of the DNA to prepare the 
35 recombinant plasmid can be carried out by introducing, by the use of terminal transferase, 35 
deoxyadenylic acid and deoxythymidylic acid, or doxygualylic acid and deoxycytidylic acid, into the 
chromosomal DNA fragment and cleaved vector DNA, and by subjecting the modified chromosomal 
DNA fragment and the cleaved vector DNA to an annealing reaction. . 

As a suitable vector DNA, a conventional vector can be employed, such as Col E1 , pSC 1 Ol , pBR 
40 322, pACYC 1 77, pCR 1 , R6K or A-phage, or their derivatives, ... 

The hybrid DNA thus obtained can be incorporated into a microorganism of the genus Escherichia 
by conventional transformation techniques [see, for example, J. Bacteriol., 1 19, 1072 (1 974)J. The 
desireditransformant is screened by using a medium on which only a clone having one or both of the 
characteristics of L-methionine productivity originating from the chromosomal DNA fragment and from ^ 
45 the vector DNA, can grow. 

As the recipient microorganism for the hybrid DNA, an L-methionine-auxotroph is usually used, 
since it is conventional to distinguish the methionine-producing transformant from the recipient. 
Desirably, a mutant already having a higher productivity of L-methionine is used as the recipient, to 
obtain better results. . ■* . - n 

• 50 The methods of culturing the L-methionine-producing strains thus obtained are conventional, ana ou 

are similar to the methods for the cultivation of known L-methionine-producing microorganisms. Thus, 
the culture medium employed may be a conventional one containing carbon sources, nitrogen sources, 
inorganic ions and, when required, minor organic nutrients such as vitamins or amino acids. Examples 
of suitable carbon sources include glucose, sucrose, lactose, starch hydrolysate and molasses. Gaseous 
55 ammonia, aqueous ammonia, ammonium salts and other nitrogen containing materials can be used as &t> 
the nitrogen source. . 

The cultivation of the recombinant microorganisms is usually conducted under aerobic 
conditions, the pH and the temperature of the medium being adjusted to a suitable level, and may be 
continued until the formation of L-methionirie ceases. The L-methionine in the culture medium can be 
60 recovered by conventional procedures. m m . . 

By the method of the present invention, L-methionine can be produced in higher yields than has 
been achieved in previously known methods in which artificial mutants of Escherichia are used. 

The invention will now be illustrated by the following Example. 
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Example 

(1 ) Preparation of Chromosomal DNA Possessing Genetic Information Relating to L-methionine 
Production 

Escherichia col EG-20 (NRRL B-1 2392), a mutant resistant to S-(2-ami n oethyl)-cysteine (AEC) 
and ethion.ne and derived from K-12 (ATCC 10798) by exposing K-12 cells to 250 ^g/mTof N-methyl- 
N'-n,tro-N-ntfrosoguan,dme in a citric acid buffer of pH 5.5 at 0°C for 60 minutes and separating the 
colony which appeared on the agar medium, was cultured at 37°C for 3 hours with shakfng in Tlitre of 

^^^SSSi^^T^i °-S ^ * VeaSt 6Xtract ' °- 1 of 9'ucose and 0.5 g/HT 
rr_,n£ ! bac ? enal ce,ls ,n the exponential growth phase were harvested 

were^bSned bY * Conventional Phenol-method, whereby 3.4 mg of purified DNA 1 



(2) Preparation of Vector DNA 

As the vector, DNA of pBR 322 was prepared as follows. A strain of Escherichia coli K-12 
harbouring the plasmid pBR 322 was incubated at 37°C in 1 litre of a medium containing 2 q of 

»o?f nn 2 'S- fl * casa ^ ,no ac,d {casein hydrolystate), 0.05 g of thymine, 0.05 g of L-tryptophan 
untlllh?.^ K m,ne ; ea , Cb , P r Mtre (pH adiusted to 7 ' 2) - After the strain had been incibSed 

"!i e 6 if 8 '? 9 ^1 7 ° ^ 9/ml ° f ch '<»™ P henicol was added to the culture medium. By this 
process the plasmid DNA was amplified and accumulated abundantly in the bacterial cells. 

- a JT*"? °t i " Cubatlon ' thecel ' swereha ^ estedan d then lysed by treatment with Ivso^^ 20 

and sodium dodecylsulphate. The lysate was centrifuged at 30,000 xg for 1 hour to obta™ a 
supernatant After concentrating the supernatant, 480 /ig of the plasmid pBR 322 DNA was obtained 
byfract.onat.on us.ng cesium chloride-ethidium bromide equilibrium density gradient ^SfagSST 

(3) Insertion of the Chromosomal DNA Fragment Into the Vector 

Hind IM°a?37°C fnrWn 0 fit Sn^J P br ° m ? somal DN A were treated with the restriction endonuclease 25 

cTpieTe^ - 3^C for 1 hour to c^ve 

30 suhi^H d '9 a ^ ed + . chromos . 0f "a» DNA solution and cleaved vector DNA solution were mixed and 30 
subjected to a ligation react.on for DNA fragments by the use of T 4 phage DNA-ligase in the presence 
minTerand^f 5? "\ 1 °° C J* 24 hOUrS - 1716 reaction "^was then heatS it 65°C foT 5 
SS,veSd? V ° ° f ethano ' was added to The precipitated recombinant DNA was 

35 to" L-mih^ WhH P,aSmld Harbouring Genetic Information Relating 3 5 

mt . t Re< ; i P ie . nt st™''" 5 were induced from Escherichia coli K-12 by exposing to 250 Wml of N-methvl- . 
N'-mtro-N-nitrosoguanidine in a citric acid buffer of pH 5.5 at 0°C for 60 minutesThe recSenmra ns 
40 SSS, be ' " 9 NO ' 2 (NR . RL B " 12393 > <^«ant to S-(2-aminoethyl)-cysteine> ^SoSSfSSSS^ 

ch ats ff C i ?. f the rec, P fent . s J r al "s was inoculated in 10 ml of ^medium, and cultured at 37°C with 
5d 2f^ n iK?S,r^ h Phase were harvested, and suspended in a 0.1 M MgCI 2 solution 
45 upTake w^e prepared 2 " ™ ' whereb V "competent" cells having the ability of DNA 

ola JwdJa COmP w t ! n i C ^ 1 sus P ension ' the DNA obtained in step (3). which contains the hybrid 45 
Aolr i?^' W ! S add !. d - ^ su , s P 9nsi °n was kept in an ice-bath for 30 minutes, then heated at 
«h» hv£L r?' nU -f r,M n A d . aga,n a " OWed to Stand in an fee-bath for 30 minutes. The cells, thus having 

50 JESS ^3 P 7^for ^^^ir^' wera ^ulated into L-medium and the medium was 

f/A 6 ! 3 ! 37 C J°T 2 h ° urs ' whereby the transformation reaction was complete. The cells were 50 
harvested, washed, and resuspended. A small portion of the cell suspension was spread onanaaar 
plate containing 2 g of glucose. 1 g of (NH 4 ) 2 S0 4 , 7 g of K 2 HP0 4 , 2 g P 0 f KH 2 PO*?oTg of 9 
™S.in *„ 2 ?'£ 9 f sod,um u c itrate • 2 "*0' 0-5 9 of S-(2-am1noethyl)-cysteine, 20 ^g/ml of 

55 Saied Ts^iZ » M ? 1^. ^ ^ tHe am P icl » in ' <P H ad i"^d to 7.2?. The plate was 

LmricNM? S?2 amSL^!K & C ° lon,es a PP aari ?9 °" *e plate were picked up, and strains resistant to 55 
ampicui.n, s-(2-aminoethyl)-cyste.n and ethionine were obtained. 

■. 1 c >iI h /rlvIrJ n ^ hionine " produc ' n 9 n Y br ' d clones AJ 1 1 539 (FERM-P 5479, NRRL B-12399) AJ 

•1SS^^^b I SS 12400) ^ 1 if 1 <F k ERM " P 5481. NRRL B-lSSi )J!2ffi&2 
60 and t No 283 resSvSi! obtained from the recipient strains No. 2. No. 30 (NR), No. 77 
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(5) Production of L-methionine by the L-methionine-producing Strains 

The table below shows the experimental results of the fermentative production of L-methionine 
using the L-methionine-producing strains, the DNA-donor strain EG-20 and the recipient strains No. 2, 
No. 30 (NR), No. 77 and No.283. 
5 The fermentation medium contained 5 g/dl of glucose, 2.5 g/dl of ammonium sulphate, 0.2 g of 5 

KH 2 P0 4 , 0. 1 g/dl of MgS0 4 . 7H 2 0, 0.05 g/dl of yeast extract, 1 00 /ug/d\ of thiamine . HCI, 1 mg/dl of 
FeS0 4 . 7H 2 0, 1 mg/dl of MnS0 4 . 4H 2 0 and 2.5 g/dl of CaC0 3 (separately sterilized), and its pH was 
adjusted to 7.0. Batches, each of 20 ml, of the fermentation medium were placed in 500 ml flasks, 
inoculated with one loopful inoculum of the test microorganism, and cultivation was carried out at 
10 31°Cto72 hours. The amount of methionine in the supernatant of the fermentation broth was 1 o 

determined by microbiological assay. 



Table 



Microorganism tested 


L-methionine produced 
(mg/di) 


EG-20 


3 


AJ 1 1539 


10 


AJ 11540 


25 


AJ 11541 


18 


AJ 11542 


30 


No. 2 


2 


No. 30 (NR) 


4 


No. 77 


4 


No. 283 


3 



The above-mentioned strains having NRRL-numbers have the same taxonomic characteristics as 
1 5 strain K-1 2, which in turn has the taxonomic characteristics given in "Bergey's Manual of 15 
Determinative Bacteriology" 8th Edition, and they were deposited at the Agricultural Research Culture 
collection (NRRL) (an International Depositary Authority under the Budapest Treaty) on the 1 1 March 
1981. 

Claims . . ■ 

20 1 . An L-methionine-producing microorganism obtained by incorporating, into a recipient strain of 20 

the genus Escherichia, a hybrid plasmid having had inserted therein a DNA fragment possessing 

genetic information relating to L-methionine production, which fragment is derived from a donor strain 

of the genus Escherichia resistant to ethionine. 

2. A microorganism as claimed in claim 1 , wherein said recipient strain is of Escherichia coil 
25 3. A microorganism as claimed in claim 2, wherein said recipient strain is Escherichia coii K-1 2 or 25 

a mutant thereof. . . * r- - ^ 

4. A microorganism as claimed in any of claims 1 to 3, wherein said donor strain is of Escherichia 

coll 

5. A microorganism as claimed in claim 4, wherein said donor strain is Escherichia coit K-1 2 or a 

30 mutant thereof. " 30 

6. A microorganism as claimed in any of claims 1 to 5, wherein said hybrid plasmid is derived 
from pBR 322. 

7. Escherichia coii AJ 1 1 539 (NRRL B-12399). 

8. Escherichia coii AS 1 1 540 (NRRL B-12400). 

35 9. Escherichia coii AJ 1 1541 (NRRL B-12401). 35 

1 0. Escherichia coii AJ 1 1 542 (NRRL B-1 2402). 

1 1. A process for producing L-methionine, which comprises culturing an L-methionine-producing 
microorganism as claimed in any of claims 1 to 1 0. 

1 2. A process according to claim 1 1 , substantially as described herein. 

40 1 3. L-methionine produced by a process according to claim 1 1 or 12. 40 

Printed for Her Majesty's Stationary Office by the Courier Press, Leamington Spa, 1 981 . Published by the Patent Office, 
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